Regulation of renal calbindin-D28K.
Calbindin-D28k is an intracellular protein with high affinity for calcium. In the kidney, this protein is exclusively localized in the distal tubule and in the proximal part of the collecting ducts. Functionally, calbindin-D28k is supposed to be involved in the regulation of the reabsorption of calcium and possibly magnesium in the distal nephron though the exact regulatory mechanisms are not yet known. Thus, several theories regarding the functional role of calbindin-D28k have been proposed: The carrier theory describes calbindin-D28k as a transport protein which binds calcium and then transports it from the luminal to the basolateralcell membrane. The buffer theory assumes that calbindin-D28k functions by binding calcium ions to prevent intracellular calcium concentrations from reaching toxic levels. The activator theory describes that calbindin-D28k increases the activity of calcium channels or the enzymatic activity of the Ca++-Mg++-ATPase in the luminal membrane and thereby increases the tubular reabsorption of calcium. The renal calbindin-D28k is dependent upon vitamin D. Pharmacological doses of the active vitamin D metabolite 1,25-(OH)2D increases the concentrations of renal calbindin-D28k, whereas the concentration of calbindin-D28k is low in conditions with reduced levels of circulating 1,25-(OH)2D. Likewise, plasma calcium concentrations, uremia and hypertension affect calbindin-D28k expression. However, several studies have rendered probable the effect of additional factors in the regulation of renal calbindin-D28k. The aim of the present dissertation therefore was to examine the regulation of renal calbindin-D28k in a series of physiological and pathophysiological conditions established in vivo in the rat. A possible correlation between hypertension and calbindin-D28k was examined in three models of experimental hypertension: the genetically defined spontaneous hypertensive rat, the salt-sensitive Dahl rat and the renovascular hypertensive rat. These three models clearly demonstrated three separate patterns in the calcium metabolism, but the studies were unable to support a role for calbindin-D28k in the development of hypertension. In all three models the development of hypertension caused an increased plasma 1,25-(OH)2D. This increase was accompanied by either unaltered or reduced levels of renal calbindin-D28k possibly secondary to a cellular resistance against 1,25-(OH)2D. Magnesium binds to calbindin-D28k with a relatively high affinity. The regulation of urinary magnesium excretion takes place in the distal tubule where calbindin-D28k is found in high concentrations. Therefore, a possible relation between magnesium and calbindin-D28k was examined. The studies demonstrated not previously known connections between magnesium intake, urinary magnesium excretion and renal calbindin-D28k which suggests that this protein is involved in the regulation of magnesium homeostasis by the kidney. Calcitonin increases the reabsorption of calcium in the distal tubule. Therefore, the effect ofcalcitonin on renal calbindin-D28k was examined both by eliminating the endogeneous calcitonin production by a selective thyroidectomy followed by an autotransplantation of the parathyroid glands and further by infusion of calcitonin. These studies demonstrated unchanged concentrations of renal calbindin-D28k. It was concluded that the increased calcium reabsorption induced by calcitonin in the distal tubule is not mediated by calbindin-D28k. Urinary calcium excretion is in part regulated by the action of PTH on calcium reabsorption in the distal nephron. Previous reports of increased expression of renal calbindin-D28k in uremic rats led us to suggest that secondary hyperparathyroidism associated with uremia induced the synthesis of renal calbindin-D28k. Therefore, the effect of PTH was examined in a study comprising selective parathyroidectomy and infusions of PTH, PTHrP, 1,25-(OH)2D and calcium. (ABSTRACT TRUNCATED)